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Abstract 
 
    The main goal of the thesis is the intensive examination of energy retrofitting towards 
nearly Zero Energy Building of a listed MF building located in Thessaloniki. After the 
morphological and constructional examination of the building, the measured survey was 
followed and the architectural plans were designed in ArchiCAD software. Afterward, 
the building was simulated in the T.E.E.-K.E.v.A.K. software. All the simulation results 
were collected and based on them three interventions in the HVAC system, windows 
and the building shell were suggested. The next step was the investigation of three 
scenarios proposed so as to discover the scenario that upgrades the building to nearly 
Zero Energy Building. Finally, all the scenarios are analyzed in-depth and after 
discussion, the optimal scenario that satisfies the aim of the study is proposed.  
More specifically the dissertation is structured as follows: 
    The first chapter includes the introduction where the problem definition is defined 
and the aim of the study is described.  
     The second chapter contains the theoretical background, where the legislative 
framework for the interventions' restrictions in listed buildings is presented. Moreover, 
the environmental strategies of the European Union, as well as the definition of nearly 
Zero Energy Buildings, with the respective legislative frameworks in the European 
Union and in Greece are mentioned. 
    The third chapter is composed of the existing building situation description, the 
simulation analysis and the results as well. Furthermore, the proposed interventions and 
scenarios are explained intensively and the indicative costs are presented as well.  
    In the fourth chapter, all the results of the scenarios analyzed in chapter three are 
individually evaluated and presented with charts illustration being compared with those 
of the existing and the reference building. Finally, the chapter includes the conclusions 
for the thesis goal accomplishment and the optimal scenario that satisfies this goal is 
selected. 
    The dissertation closes with the Appendix which includes architectural plans and 
tables with details for the heat pump units.      
 
                                                                                                                       Kaltsou Kyriaki 
                                                                                                                                           28/2/2020 
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1. Introduction 
 
 
1.1 Problem definition  
 
    Greece has a rich architectural heritage and different architectural trends from 
previous times are evident in buildings of different use, such as residential. Most of 
these buildings characterized by special architectural elements are listed, which means 
that they are protected by the law and should be preserved. What is more, a great 
majority of the listed buildings are residential multi-family buildings. One main 
characteristic of the residential listed buildings has in common is their poor energy 
performance. This is because their building shell is constructed by materials with low 
energy efficiency due to their building age. Specifically, most of them are dated before 
1930, a clue that reflects the construction principles of the buildings and by extension 
their energy performance. Moreover, bearing in mind the consequences that the low 
energy efficiency of the residential buildings has in the environment, it is of major 
importance to the energy upgrade of the listed multi-family buildings. Therefore, this 
thesis attempts to investigate the capabilities of the listed multi-family buildings to 
reach nZEB targets and also the various barriers that may come up due to the 
restrictions the legislation sets for listed buildings.    
 
 
 
1.2 Aim of the study  
 
      The aim of the thesis is the energy retrofitting of a listed MF-building located in 
Thessaloniki towards nZEB. For this target achievement, several building parameters 
should be examined from a constructive and legislative aspect. For this purpose, the 
legislative framework concerning the listed buildings and nZEBs is presented, on which 
this study is based. For the primary energy consumption examination, a specialized 
design and simulation software is used. Thus, the thesis examines different scenarios 
with a view to proposing the most optimal measures that are suitable for improving the 
energy performance of the listed buildings. Finally, the study aims to export results that 
fulfill the main goal of the thesis. Furthermore, with the generalization of the results, the 
study aims to contribute to the energy retrofitting increase of the building stock towards 
nZEB. 
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2. Literature Review 
 
2.1 Listed buildings  
 
    The cultural heritage of a region comprises an integral part of its history. Greece is 
one of the countries with a great cultural heritage, which includes buildings of unique 
architecture. These buildings either stand individually in the urban centers or constitute 
a part of traditional settlements and historical centers.    
    According to L. 3028/2002, listed buildings are divided into two categories according 
to their period of construction. The first category includes the buildings constructed 
before 1830, which are mostly listed buildings and characterized by law as ancient 
monuments. The second category includes buildings constructed after 1830, which are 
distinct for their architectural, historical and scientific interest [1]. The recording of both 
building categories is achieved through the Constant Inventory of Listed Archaeological 
Sites and Monuments in Greece [2].  
 
 
 
Figure 1 Casa Bianca, Thessaloniki 1911-1913 
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     Figure 2 Villa Petridi, Thessaloniki, 1900 
 
    The responsible services are accountable for the procedure of designating a more 
contemporary building as a listed one, however, the building’s owner is also able to 
apply for such a procedure. The first step of this procedure includes the study of the 
building’s characteristics regarding its location, ownership, architecture and historical 
components and also the composition of a justification report. This report contains the 
reason why the building is characterized as a listed one and also the rights and 
obligations of the owner. Next, the report is communicated to the Municipality 
concerned and the building’s owner. The final step of the procedure is achieved with the 
plan of the Ministerial Decision, which is signed by the responsible Minister. The listed 
buildings that are located in the regions of Macedonia and Thrace pertain to the 
Ministry of Internal Affairs.   
 
    The criteria by which a building is classified as a listed one, are stated in article 4 of 
L. 1577/1985. These are the following: 
• Architectural criteria 
 Architectural style or stylistic peculiarity  
 Quality level 
 An internal arrangement or internal decoration 
 Uniqueness/originality  
11 
 
• Historical criteria 
 The building is connected with a historical personality or historical event 
 The building is a construction of a prominent architect 
 The building declares a change in the evolution of the settlement it 
belongs  
 It constitutes a part of a historical settlement 
 The building’s age 
 It constitutes an exhibit due to its usage 
• Usage criteria (two categories) 
 “Active’ building, which means traditional buildings in use 
 “Inactive’ building, which is reused with its existing use or a different 
one 
• Environmental criteria 
 Individual buildings which preserve their surrounding environment over 
the green spaces or the free spaces 
 A cluster of buildings with a view to featuring the built-up and urban 
environment[3] 
 
    The goals towards the reduction of energy consumption in heating and cooling in the 
building sector lead to the necessity of the energy upgrade of the listed buildings. The 
energy efficiency measures for their energy refurbishment require compliance with the 
Greek legislation. According to this, changes in the buildings’ facades are not allowed.  
    Despite the fact that the concept of bioclimatic architecture is developed in the last 
decades, equivalent design techniques were applied since older times. Such techniques 
aimed at employing the materials’ characteristics to achieve optimal thermal comfort 
conditions with the least energy consumption. What is more, the building’s orientation, 
the masonry’s thickness, and the facades’ coloration were taken into account as 
bioclimatic techniques.  
 
    In Greece, many listed buildings follow the rules of bioclimatic architecture. Such an 
example is the buildings located in regions of Macedonia and Thrace, whose masonry’s 
construction has a greater thickness to achieve greater thermal capacity. Another 
example is noticed in the traditional residential buildings, which used to house animals 
on the ground floor. Τheir floor construction of wood allows the heat to pass through, so 
as to take advantage of the animals’ heat. Moreover, in the Cyclades where the 
12 
 
temperatures are higher, the traditional listed buildings are painted in white color to 
avoid heat absorption. These buildings are also designed with great transparent surfaces 
on the south façade and smaller ones on the north façade to achieve cross-ventilation as 
a passive cooling technique[4].  
 
 
Figure 3 Traditional Macedonian residential building[4] 
 
 
Figure 4 Cross ventilation in Cycladic traditional building[4]                         
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2.1.1 Interventions’ restrictions in listed buildings in Greece 
 
    The listed buildings constitute contemporary monuments of Hellenic history and 
culture. For this reason, they are protected from the Greek legislation, thus the 
interventions applicable are restricted. Such restrictions are referred to the article 6 of L. 
4067/2012, which is the New Building Regulation and the amendments of article 48 of 
L. 4178/2013. These restrictions are described as follows: 
 Any changes on the facades are not allowed in buildings that are 
characterized as listed ones, and specifically any alteration, removal or 
damage on the external and internal building’s decoration. 
 Interventions regarding the buildings’ repair, the static reinforcement and 
the renovation of the electromechanical systems for their energy upgrade are 
allowed as long as the architectural elements of the buildings are not 
damaged.  
 Internal changes regarding the spaces’ arrangement are allowed as long as 
the buildings are not designated as listed ones because of their internal 
decorative elements.  
 The installation of the lift is allowed in the interior of the listed buildings.  
 The position of signs and advertisements on the buildings’ facades is 
forbidden except those of restricted dimensions, which just inform the 
public about the building’s usage.     
 The installation of photovoltaics up to 10kwp is allowed on the roof of the 
listed buildings unless the legislation imposes prohibitions in specific cases. 
 Interventions on the roof or installations of passive and active solar systems 
are allowed when they are accompanied by the approval of the Board of 
Architecture or the responsible service of the region the building locates in. 
 The application of thermal insulation, which aims at the energy upgrade of 
the building, should be better placed on the internal surface of the wall, so 
as not to cause any changes on the facades.   
 Regarding the buildings situated in traditional settlements, when they are 
subject to great damages due to earthquakes, floods or firestorms and it is 
essential to proceed to demolition, their reconstruction is allowed as long as 
their architecture style is preserved.[5] 
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2.1.2 License and approval for the renovation of listed buildings 
 
    The legislation that governs the license procedures of the listed buildings is 
described in L.4546/18 (Government Gazette Edition Α 101/2018). After six months 
of the Government Gazette’s publication, Boards of Architecture are structured in 
every regional unit of Greece. These Boards are responsible for the listed buildings 
in the following cases:  
 Audit and approval of the renovation work in listed buildings and also in 
buildings that are subject to the procedures of being characterized as listed 
ones. 
 License for the publication of planning permission for the construction of 
new buildings in regions that are characterized as traditional settlements or 
in historical city centers.   
In case of emergency, the restoration works in listed buildings are allowed to start 
directly. However, the quick notification of the responsible service is essential for the 
audit of the renovation. If the renovation works are considered inappropriate for the 
preservation of the building, the service is able to decide their interruption.[6] 
 
2.2 Nearly Zero Energy Buildings 
 
2.2.1 Climate change and environmental pollution strategies 
 
    In the last few decades, the inconsiderate use of the world’s natural resources has 
triggered an uncontrollable climate change and environmental pollution, with a negative 
impact on humanity and other life forms on our planet. The consequences of 
Greenhouse Effect are noticeable today and as the energy needs increasing, the fossil 
fuel consumption raised as well. In 2017, these fossil fuels with high CO2 emissions, 
stand at approximately 80% of the total energy consumption in the European Union.[7] 
    The human activities that contribute to Greenhouse gas emissions globally are 
included in six economic sectors presented in graph 3.1. 
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Figure 5 greenhouse gas emission sources[8] 
 
It can be seen from the graph that the three biggest sectors which affect climate change 
are electricity generation with 25%, food & land use with 24% and industrial sector 
with 21%. Then, follow transportation, buildings and other energy sources with lower 
percentages.[9]  
         To address climate change and environmental pollution, strategies and policies 
have adopted worldwide by different countries and organizations such as the United 
States, European Union, China, Russia, and the United Nations. 
  European Union faces consequential energy challenges regarding greenhouse gas 
emissions, the security of supply, sustainability and import dependence. In 2007, it set a 
comprehensive Action Plan for Energy Efficiency to fight against climate change, with 
ambitious targets by 2020. In 2009, it enacted the “2020 Package” legislation, which is 
a set of binding legislation to ensure that the EU meets its climate and energy objectives 
and set three goals by 2020[10]: 
 Reduction of gas emissions by (at least) 20% from 1990 levels. 
 Energy production from renewables by 20%. 
 Energy efficiency improvement by 20%. 
In October 2014, a new framework for climate and energy was agreed by the EU, 
including new targets and policy objectives by 2030 in order to help the Union to 
accomplish a more secure, competitive and sustainable energy system. The goals were 
set by 2030 are: 
16 
 
 Reduction of gas emissions by 40% from 1990 levels[11]. 
 Energy consumption from renewables at least 32% with an upward revision 
clause for 2030.  
 Energy efficiency improvement of at least 32.5%, postdating the existing target 
for 2020. 
 Improvement of electricity interconnection target of 2020, reaching 15% by 
2030. 
Furthermore, the European Commission has set a long-term target with the Energy 
Roadmap 2050 including four main routes[12]: 
 Decarbonization of the energy system in a more technically and economically 
achievable way.  
 Increase in renewable energy use. 
 Replacement of the infrastructure built 30-40 years ago with lower investment 
costs and direct replacement with low -carbon alternatives.  
 Lower costs and more secure energy supplies compared to national schemes and 
cheaper energy produced and delivered to where it is needed. 
 
2.2.2 Building Sector  
 
    The building sector accounts for 36% of the global final energy consumption and 
approximately 40% of the total CO2 emissions.[13] What is more, most of the building 
stock is constructed before 1980, which means that their energy performance is rather 
poor. This in combination with climate change has led the European Commission to the 
establishment of the European Directives and therefore, the obligations for the planning 
of retrofitting policies. Moreover, the residential buildings hold a major share in 
Member States’ building stocks and specifically in Greece, it reaches approximately 
80%.[14] This is a huge percentage, considering that most of the buildings are without 
insulation and with old electromechanical installations. Thus, the improvement of the 
building sector’s energy efficiency is of the highest importance, so European legislation 
has introduced the concept of nearly Zero Energy Buildings (nZEB). The next 
subsections present the legislative framework and the nZEB concept and also their 
transposition in the national legislative framework.   
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The legislative framework in Europe  
 
    The Energy Performance of Buildings Directive (EPBD) (2010/31/EU) is published 
in 2010 and is the recast of the EPBD 2002/31/EC. Τhis Directive sets obligations for 
the improvement of the existing buildings within the European Union by fostering the 
Member States to set the minimum energy performance requirements. It also introduces 
the nZEB and defines it as a building with very high energy performance, where the 
nearly zero or very low amount of energy required should be covered to a very 
significant extent by energy from renewable sources, including energy from renewable 
sources produced on-site or nearby.  
    Moreover, the reduction of energy consumption and carbon dioxide emissions is a 
priority for EPBD. Thus, another important obligation the EPBD sets to achieve 
substantial reductions in the existing buildings is for the Member States to draw up a 
national plan with a view to increasing the number of nZEB. According to EPBD, 
Member States shall ensure that: 
• By 31 December 2020, all new buildings are nZEB, and  
• After 31 December 2018, new buildings occupied and owned by public 
authorities are nZEB[15] 
 
The legislative framework in Greece 
 
    The European legislation is adjusted in Greece with a time delay. Specifically, the 
EPBD 2010/31/EU is transported in the Greek legislation with L. 4122/2013. What is 
more, the legislative framework for the nZEB is at a very early stage in Greece in 
comparison with other Member States’ current situations.[16] The national plan for 
increasing the number of nZEB is published in December 2017, but this is more like a 
first approach, which should be made more detailed about the policies it proposes. In 
particular, it includes some actions regarding the increase of nZEBs and also the energy 
consumption characteristics of nZEB based on statistical data.[17] This data concerns 
both residential and non-residential buildings and is provided individually for both 
building categories. Specifically, for residential buildings, the national plan provides a 
range of values of the energy consumption for the energy classes B to A+ per climatic 
zone (Table 1). As is clear in Table 1, the value of the energy consumption for energy 
class A+ ranges from 13 to 46 kWh/m2. After an analysis, the national plan concludes 
that the upper limit of the primary energy consumption for an existing residential 
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building to be characterized as nZEB is 95 kWh/m2, with 50% the least contribution of 
Renewable Energy Sources (RES).  
 
Energy class Energy consumption in kWh/m2 per climatic zone 
 Zone A Zone B Zone C Zone D 
A+ 13-28 14-29 15-46 17-36 
          A 26-39 28-45 26-57 67-94 
B+ 42-63 48-75 62-103 60-118 
          B 60-92 70-109 93-141 89-171 
Table 1 Energy consumption for the energy classes B to A+ per climatic zone[17] 
 
 
    As for the policies, the national plan states some priorities for making the nZEB 
projects more feasible. These include the usage of RES and other interventions for 
achieving energy savings, the encouragement for technological development regarding 
the RES, the promotion of actions for raising the public awareness about the rational use 
of energy, the implementation of financing mechanisms and the improvement of the 
legislative framework.  
    Another point worth mentioning is that the national plan discusses the barriers to the 
implementation of nZEB projects. Specifically, the economic crisis in Greece has led to 
some changes in the consumption patterns, which has, as a result, the reinforcement of 
the energy poverty and the deterioration of the thermal comfort conditions in the 
residential buildings. This means that the owners are unable to invest in the energy 
upgrade of their house due to the lack of income. The access difficulties in bank capitals 
are another barrier. Thus, the planning of financing mechanisms, such as Eksoikonomo, 
is truly important these days, and even the planning of more effective schemes than 
Eksoikonomo.[17] 
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3. Case study 
 
3.1 Description of the building  
 
    The building under study is located in the historical center of Thessaloniki and has 
been characterized as a typical listed building by the Central Macedonia Region 
(Traditional Settlement Department) according to the Government Gazette No. 734/28-
11-83. It is situated at the junction of Platonos, Amynta and Filippou Street. There are 
several listed buildings in the area with neoclassical and eclectic architectural 
characteristics, mainly of the 19th and 20th centuries.  
 
 
 
Figure 6 Typical listed MF building under study in Thessaloniki 
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3.1.1 Historical Information 
 
     In 1928, the Adamihos brothers from an affluent family constructed the 
aforementioned three-story multifamily building for their own use, importing special 
materials from Italy. In 1950, there was a building extension of two additional floors 
with one small apartment in each one. In 1978, a powerful earthquake struck in 
Thessaloniki with significant damages in buildings. After the evaluation of the Hellenic 
Ministry for the Environment Physical Planning and Public Works for damages in 
structures, this construction categorized as “green”, which implies that there is no 
durability reduction of the building and it can be occupied securely. 
 
3.1.2. Building description 
 
    The large-scale building is constructed in a plot with an area of 522.95 m2. It consists 
of the ground floor and five upper floors. The total height of the building is 24 m and 
the total surface area is 1134.52 m2. The ground floor has commercial use, as it consists 
of four shops that are not temporarily being used. The first three floors are divided into 
two apartments on each floor and the 4th and 5th floor consist of one apartment each. 
The large apartment on the first floor comprises three bedrooms, one bathroom, a 
kitchen, a living room, a study room, and a hall. On the 2nd and 3rd  floor the layout of 
the large apartments follows the same type with three bedrooms, one bathroom, a 
kitchen, a living room, and a hall. The smaller dwellings in the first three floors follow 
another layout and comprise two bedrooms, one bathroom, a kitchen, a living room, and 
a hall. The dwellings on the 4th and 5th floor follow another floor plan type as they 
constructed after twenty-two years. The one on the 4th floor is composed of two 
bedrooms, one bathroom, a kitchen, and a living room and the last on the 5th floor is 
composed of one bedroom, one bathroom, a kitchen, and a living room. The area of all 
spaces is illustrated in table 2.  
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Apartment Area (m2) 
Ground floor  273.74 
Large apartment on the 1st floor 144.80 
Small apartment on the 1st floor 85.10 
Large apartment on the 2nd floor 114.80 
Small apartment on the 2nd floor 85.10 
Large apartment on the 3rd floor 114.80 
Small apartment on the 3rd floor 85.10 
Apartment on the 4th floor 78.45 
Apartment on the 5th floor 68.84 
Table 2 Apartments area measurements 
 
 
 
Figure 7 Layout of the ground floor 
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    Figure 8 Layout of the 1st floor  
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Figure 9 Layout of the 4th floor  
  
                                                                                  
3.1.3 Morphological analysis 
 
    The building is considered an ideal example of eclectic architecture, incorporating a 
mixture of elements from previous historical styles such as Neoclassicism and Art 
Nouveau. The layout of the building is trapezoidal with three main views: the north-east 
view on Platonos Street, which is aesthetically equal with the north-west view on 
Amynta Street and the south view on Filippou Street. The building is characterized by 
symmetry, quality in the architectural design and architectural construction, variegation 
and fine style.  
     Generally, all the façades are decorated with geometrical features and plasterworks, 
except the 4th and 5th floor, where there is no architectural decoration for the reason that 
they are constructed in 1950. An optical center of gravity is created on the 3rd floor on 
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the south view, with the remarkable differential of the decoration on the façade. There 
are eight neoclassical columns based on the four walls of the balcony and the railings 
are made of gypsum, while all the other balconies of the building have metal, filigree 
and minimal railings. Furthermore, corbels were constructed on the underside of the 
balconies, representing the neoclassical style.  
    There is a large number of openings on the façades with a mean height of 3.12m. All 
the windows are wooden with french type shutters, decorated with rhombus shapes at 
the top of the casings. On the ground floor, the external openings are large and 
consecutive, as they form the display windows of the shops.  
    The interior of the building is decorated with plasterworks on the walls and the 
ceilings influenced by the Art nouveau style. In the entrance, on the ground floor, a 
marvelous vitraux is used as an exterior wall, dignifying an elegant and classy style in 
the building. 
 
 
 
Figure 10 Vitraux in the entrance of the building 
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Figure 11 Neoclassical corbels on the underside of the balconies 
 
 
 
Figure 12 South-east view in Platonos street 
 
 
3.1.4 Construction analysis 
 
    The access to the foundation of the building was unfortunately impossible in the 
frame of the theoretical study, hence the condition and the type of the foundation cannot 
be studied in depth. Nevertheless, breaches are not noticed so as to declare the bad 
condition of the foundation. The bearing structure consists of reinforced concrete with 
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beams and columns, as in the 20th-century engineers had begun to use it widely in 
constructions. The external masonry with a mean thickness of 0.22 cm, consists of solid 
brick walls with two layers of perforated bricks 9x12x19 cm, covered with 2 cm 
coating. 
    The floors in the apartments are nail down wooden floors, mounted on a wooden 
frame made of boards, except for the bathroom and the kitchen where a mosaic floor 
has been installed.  
    The top of the whole building is covered by two roofs, on the third and fifth floor 
respectively. The roof on the 3rd floor is encapsulated in a concrete parapet wall and 
covered with french tiles densely attached. In the finial, a simple roof cornice is 
constructed. The roof on the 5th floor is a simple hip and valley roof covered with french 
tiles as well. Both the roofs are based on a concrete slab.  Moreover, there is a flat 
concrete roof above the staircase on the 5th floor. 
    In the building, there is a specific opening type, which is repeated. On the views, 
except the ground floor, the windows and balcony doors are french type, openable, 
wooden with hinges and double-leaf with single glazing and fixed transom above. In 
addition, the building shell, as well as the floors, are totally uninsulated. 
 
 
 
Figure 13 Typical wooden, double-leaf balcony doors 
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                                Figure 15 Wooden shutters 
 
 
 
           
         Figure 16 Wooden floor aged from 1928                             Figure 17 The roofs of the building 
                                                                                                      
  
          
 
    Figure 14 Window single glazing 
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3.1.5 HVAC system 
 
    The HVAC system installed in all apartments follows the same type.  
    The heating system consists of electric thermal storage heaters, model AEG WPS 
405, with dimensions of 1,75x0.65x0.32m. They operate with four bricks, with a power 
of 4 kW and a voltage of 380V. In the large apartments, there are five thermal storage 
heaters installed except the one on the 1st floor where there are six. In the small 
apartments, there are four installed storage heaters except for the ones on the 4th and 5th 
floor where the thermal storage heaters are three in each apartment. Their operation 
schedule is 2.00-8.00 and 15.00-17.00. in winter and 23.00-7.00 in summer. Thermal 
storage heaters take advantage of a natural phenomenon known as “convection”. The air 
inside a convector is heated becoming less dense than the surrounding cool air, enabling 
it to rise due to buoyancy. As the heated air rises, the cooler air on the floor is drawn 
into the convector, creating a constant flow. The function of the thermal storage heaters 
is actually pretty simple. The convector draws electrical energy and heats up bricks 
through some resistances. The bricks that have specific heat capacity, store the heat and 
emit it in the needed time interval that the occupants have set, through a fan system. 
 
 
 
 
Figure 18 Thermal storage heater                                                      
       Regarding the cooling system, inverter split type air conditioning units are installed 
in each apartment. All types of air conditioners have approximately the same 
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characteristics presented in table 3. Regarding their operation, they have the following 
function in accordance with the refrigerant cycle where a refrigerant in the form of gas 
is pressurized in the compressor and causes heat in the gas to rise. Then, the pressurized 
gas goes through a system of tubes that aims to condense it into a liquid. The liquid is 
still pressurized and travels through the condenser tubes until they come to an expansion 
joint. After that, the pressurized liquid passes through this point in the process and 
becomes a gas again as the pressure is rapidly reduced. During the reduction of pressure 
the gas also releases a great deal of heat and becomes much cooler which is why it 
works as a refrigerant. Finally, the gas passes back to the compressor to repeat that 
process. Specifically, air from the room is drawn into the unit and passes over the 
evaporator coils. This action cools the air significantly which is then forced back into 
the room via the blower. The air continues to circulate through the air conditioner until 
a set temperature (set by the thermostat) is reached. 
 
 
TYPE 
DC INVERTER (WALL 
TYPE) 
POWER SOURCE  50 Hz, 220-230v 
COOLING 
TOTASL INPUT     (W) 1,090 (155 ~ 1,460) 
TOTAL AMPERES (A) 5.22-4.99 
CAPACITY 
(Kw) 350 (0.90-4.00) 
(B.T.U./h) 11,940 (3,070 ~ 13,650) 
HEATING 
TOTASL INPUT    (W) 1,110 (115-1,440) 
TOTAL AMPERES (A) 5.32-5.09 
CAPACITY 
(Kw) 4.20 (0.90 ~ 5.00) 
(B.T.U./h) 14,330 (3,070 ~ 17,060) 
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Figure 19 Split type air conditioner indoor unit 
 
 
 
Figure 20 Split type air conditioner outdoor unit 
 
 
       Moreover, as for the hot water all the occupants use electric water heaters and their 
specifications are depicted below in the table 4.  
 
 
CAPACITY 
80L 
ELECTRICAL POWER 3500W 
CURRENT 17.4A 
VOLTAGE 230V 
Table 3 Split type air conditioner specifications 
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3.1.6 Conservation status 
 
    After a thorough examination of the building and as mentioned in the construction 
analysis we didn’t observe any breaches or other structural failures, thus it is observed 
that generally, the building is in good condition if we take into consideration its oldness.  
    The floors are broadly considered well maintained without significant deterioration, 
due to their frequent reparation. Nevertheless, they are considered inefficient for lack of 
insulation. 
    The windows in all apartments exhibit physical damage due to their oldness as they 
have not been replaced in any apartment. Furthermore, thermal bridges are visible as a 
result of the casing deterioration. In contrast, the shutters are in excellent condition 
without noticeable damage.  
    As for the roofs, the one on the third floor requires maintenance since there are 
leakages in the ceiling under the roof from broken tiles and lack of insulation as well. 
The tiles of the roof on the fifth floor, in contrast, have been recently replaced, yet 
insulation has not been placed.  
    Regarding the HVAC system, the thermal storage heaters are substantially inefficient 
due to their oldness and they cannot cover the heating load of each space. As a result, in 
winter there is no thermal comfort in the interior of each apartment and the electricity 
bill costs are high compared with the efficiency. The air conditioners classified in C 
energy class, are not so old but they are not sufficient for each dwelling. Therefore, they 
are not efficient enough so as to meet the goal of a nearly zero energy building. As for 
the electric water heaters, although they have enough capacity and they are not very old, 
the fact that they are installed in the storage space above the bathroom ceiling causes 
slow heating of the water and fast cooling in winter due to the uninsulated walls. So the 
occupants need more time for heating in winter contributing to the high electricity bill 
costs.  
    To conclude, it became apparent that some significant interventions should be done in 
the building shell and in the HVAC system in order to retrofit the building to a nearly 
zero energy building with a high energy class. 
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3.2 Simulation analysis  
 
    In order to proceed to the simulation analysis, a measured survey of the building is 
necessary to be done as well as the architectural plans of the existing situation, from 
which geometric characteristics from opaque and transparent structure elements can be 
received. For the architectural design, ArchiCAD 21 was used, which is an 
architectural BIM CAD software for 2D and 3D design.  
 
 
 
Figure 21 3D illustration (South view, Filippou street) 
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Figure 22 3D illustration (South-east view, Platonos Street) 
 
 
 
Figure 23 3D illustration (North-west view, Amynta Street) 
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Figure 24 North view (Open space of the building) 
 
 
 
3.2.1  T.E.E.-K.EN.A.K. software 
 
    The software used for the simulation analysis of the building is the special  T.E.E.-
K.EN.A.K. software, developed by the Team of Energy Saving Group in Greece, the 
Institute of Environmental Research and the Sustainable Development (I.E.R.S.D.) of 
the National Observatory of Athens (N.O.A.) in the frame of the program of 
collaboration with the Technical Chamber of Greece (T.E.E). It is an essential tool for 
engineers, regarding the calculation of the energy performance and energy classification 
of buildings and the issue of the Energy Performance Certificate.  
    The data input in the software is the geometric and technical characteristics of the 
structural elements of the building shell as well as the technical features of the 
electromechanical systems for the energy audit and the energy classification of the 
building. The building under study is compared with a reference building that possesses 
the same characteristics (profile, use, geometry) and operating conditions with the 
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examined building and meets the minimum energy performance requirements in 
accordance with K.EN.A.K. in the figure 25 the nine energy classes are illustrated, with 
A+ the most energy-efficient class and G the most inefficient class. Finally, the data and 
the calculation results are printed in corresponding software reports.[18] 
 
 
Figure 25 Energy classes according to K.EN.A.K. 
 
 
3.2.2 Climatic data 
 
    According to the Regulation of the Energy Performance of Buildings (K.EN.A.K.) for 
the energy performance calculation, the Greek territory is divided into four climatic 
zones based on the heating degree days. In figure 26 the prefectures which appertain to 
the four climatic zones are delineated. It can be seen that Thessaloniki belongs to the 
climatic zone C.[19] 
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     The Hellenic National Meteorological Service provides information for the climatic 
conditions in Thessaloniki for cooling and heating period as well as for humidity 
presented in table 5 and figures 27,28. Namely, the climate of the region of Thessaloniki 
can be considered mediterranean, with significant continental effect at different seasons. 
The highest temperature is showed in July, while the lowest is showed in January. 
According to the Technical directive T.O.T.E.E. 20701-3/2017, the heating period is 
from the 1st of October to the 15th of April and the cooling period is from the 15th of 
May to the 15th of September.[19]  
 
 
 
 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Minimum 
monthly 
temperature 
1,4 2,3 4,6 7,6 12,3 16,5 18,8 18,6 15,1 11,0 6,9 3,0 
Mean monthly 
temperature 
5,3 6,8 9,8 14,3 19,7 24,5 16,8 26,2 21,9 16,3 11,1 6,9 
Maximum 
monthly 
temperature 
9,3 11,0 14,3 19,2 24,5 29,3 31,6 31,3 27,2 21,3 15,4 10,9 
Mean monthly 
relative humidity 76,0 72,6 71,6 67,5 63,6 55,4 52,8 55,1 61,9 70,1 76,4 77,8 
Table 4 Monthly temperatures in Thessaloniki[19] 
Figure 26 Energy classes depiction map[18] 
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Figure 27 Annual temperatures in Thessaloniki[19] 
 
 
 
Figure 28 Mean monthly relative humidity in Thessaloniki[18] 
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3.2.4 Thermal zones and thermal performance characteristics  
 
    For the simulation process, the building is divided into two thermal zones. The 
ground floor, which has mostly commercial use, forms the first zone and all the other 
floors from the 1st to the 5th floor fall under the second zone, which has residential use.   
   After the climatic data input in the program, geometrical and thermal characteristics 
of all the building components have to be collected and imported. Thermal conductivity 
U (W/m*k)  is a thermal characteristic of elements in a building that plays a significant 
role in its energy performance, as it measures the rate at which heat is transferred 
through a material. In the simulation process, all the thermal conductivity values of all 
elements are calculated, as they are necessary data for the simulation program. In the 
table 6 the U-values of all the envelope’s opaque and transparent components are 
illustrated, according to the tables 3.5a and 3.5b from the technical directive T.O.T.E.E. 
20701-1/2017 for typical U-values in existing buildings with a building permit before 
K.EN.A.K. implementation.[18] 
 
     Building element  U-value 
(W/m2·k) 
Concrete (structural element) in 
conduct with heated space  
 
3.40 
External brick wall in contact with 
heated space  2.20 
Concrete in contact with unheated 
space  
2.60 
Brick wall in contact with unheated 
space  
1.85 
Flat roof (floor slab) in contact with 
air  
3.05 
Flat roof in conduct with unheated 
space (underneath roof) 
2.90 
Floor slab in conduct with earth 
3.10 
Window (mean U-value) 
3.50  
Table 5 U-Values of building elements[17] 
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3.2.5 HVAC system characteristics 
 
    The next step is the collection and input of the HVAC system's technical 
characteristics. The electrical power of all the devices appeared on their label with their 
technical specifications. The coefficient of performance (COP) of the thermal storage 
heaters has been taken equal to 1 according to the technical directive T.O.T.E.E. 20701-
1/2017, § 5.1.2.3. for heaters that do not have severe damages that affect their efficiency 
to a large extent. The energy efficiency ratio (EER) of the air conditioners is obtained 
equal to 2.2 in accordance with the technical directive T.O.T.E.E. 20701-1/2017, 
§5.1.2.2. ¶ A.3. for systems installed between 1990-2000. Finally, the efficiency of 
electric water heaters has been received equal to 1 based on the technical directive 
T.O.T.E.E. 20701-1/2017, §5.8.2 for local distribution system without recirculation.[17]  
 
HVAC system 
Electrical 
Power kW 
Efficiency COP EER 
Thermal storage 
heater 
6 1 1 - 
Air conditioner 3.5 1 - 2.2 
Electric water heater 4 1 - - 
Table 6 HVAC systems’ technical characteristics 
 
3.2.6 Simulation results 
 
    In the last stage, the simulation draws to a close with the simulation results which are 
illustrated in tables 8 and 9 for the dwellings and in tables 10 and 11 for the shops on 
the ground floor.  
 
Final use 
Reference Building 
(kWh/m2) 
Existing Building 
(kWh/m2) 
Heating 93,5 664,1 
Cooling 24,9 49,5 
Hot water 37,5 81 
TOTAL 155,8 774,6 
Classification - H 
Table 7 Primary energy of the apartments in reference and existing building 
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Energy 
consumption 
(kWh/m2) 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Annual 
Heating 57,0 42,8 29,7 11,7 0,0 0,0 0,0 0,0 0,0 3,4 27,4 50,2 222,1 
Cooling 0,0 0,0 0,0 0,0 0,0 4,1 7,0 5,9 0,0 0,0 0,0 0,0 17.1 
Hot water 3.1 2.7 2.9 2.5 2.2 1.8 1.7 1.6 1.8 2.2 2.5 2.9 27.9 
TOTAL 60.1 45.5 32.6 14.2 2.2 5.9 8.7 7.6 1.8 5.6 29.9 53.1 267.1 
Table 8 Annual energy consumption of the apartments 
 
 
    As can be seen from table 8, the program exports the primary energy of the dwellings 
compared to the reference building. The latter has the same geometrical characteristics, 
location, orientation, use and operation characteristics as those of the existing building, 
satisfying the minimum specifications as they are determined in article 9 of T.E.E. 
K.EN.A.K. Also, it provides defined technical characteristics both in building shell 
elements and in the HVAC system. The total primary energy of the building except the 
ground floor is 774,6 kWh/m2, which is considered very high. Unsurprisingly, the 
energy class of the building is H and is considered energy inefficient. In table 9 the 
energy consumption of all systems is analytically presented monthly and annually.  
 
 
 
Figure 29 Primary energy graph of the apartments in reference and existing building 
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Figure 30 Monthy energy efficiency graph of the apartments 
 
 
    Regarding the shops on the ground floor, the simulation was executed independently 
following the program instructions due to the different use and for improved results. As 
the shops are not being used they do not have a cooling/heating system as well as 
mechanical ventilation and lighting system. Therefore, a theoretical HVAC system was 
selected as stated in the technical directive T.O.T.E.E. 20701-1/2017. The technical 
characteristics of the theoretical heating and cooling system are defined in §5.1.2 and 
§5.2.2 of the directive respectively. For mechanical ventilation, according to the 
directions of §5.6.a, the requisite fresh air levels were obtained from table 2.3. As for 
the lighting system, based on §6.1.3.1, the general lighting level of the reference 
building was taken from table 2.4. It can be seen from table 10 that the classification of 
the shops as an independent zone under study is Z better that the classification of the 
apartments.  
Final use 
Reference Building Existing Building 
(kWh/m2) (kWh/m2) 
Heating 38,0 318,0 
Cooling 91,2 195,8 
TOTAL 262,4 627,5 
Classification - Z 
Table 9 Primary energy of the shops in reference and existing building 
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Energy 
efficiency 
(kWh/m2) 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Annual 
Heating 33.3 19.7 13.5 4.5 0 0 0 0 0 1.3 11.4 26 109.7 
Cooling 0 0 0 0 0 15.4 27.1 24.5 0.2 0 0 0 67.5 
TOTAL 36.7 22.7 16.8 7.7 3.6 18.7 30.4 27.9 3.4 4.6 14.6 29.3 216.4 
Table 10 Annual energy consumption of the shops 
 
 
 
Figure 31 Primary energy graph of the shops in reference and existing buildings 
 
 
 
Figure 32 Monthly energy efficiency graph of the shops 
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3.3 Proposals 
            
     Examining all the simulation results, it is evident that the building requires to be 
retrofitted. As it is stated in chapter 1.2, the primary goal of the study is the retrofitting 
of the building towards nZEB. According to the legislative framework analyzed in 
chapter 2.2.2, the installation of RES is a prerequisite to reach this goal. What is more, 
interventions in the building shell significantly contribute to the energy upgrade of 
buildings. The simulation results indicate that it is the HVAC system and the building 
shell that have the major problem. Hence, to confront this inefficiency of the building 3 
interventions and combinations of them are proposed. Regarding the HVAC systems, 
heat pumps are strongly recommended as they are considered renewable energy 
systems. As for the building shell, windows replacement and insulation of the building 
is the solution to reduce the losses and enhance its airtightness. Finally, 3 suggested 
scenarios are analyzed with combinations of the aforementioned interventions. All the 
proposals pertain to the apartments and no suggestions are made for the shops on the 
ground floor since they have commercial use, which means that the systems differ 
depending on the type of use. The maximum U-values of structural elements in deep 
renovation buildings of zone C are mentioned in table 11. Consequently, the U-values 
must be under the maximum U-values based on article 8 of  K.Ε.Ν.Α.Κ 
 
Building element 
Maximum U-
values 
(W/m2K) 
External horizontal surface in conduct with air(roof) 0,40 
External wall in conduct with air 0,45 
Horizontal or sloped ceiling in conduct with unheated space  0,75 
Wall in conduct with unheated space 0,80 
Horizontal or sloped ceiling in conduct with ground 0,75 
Floor in conduct with ground 0,75 
Opening window in conduct with air 2,8 
Table 11 Maximum U-values of building elements for climatic zone C 
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3.3.1 Heat pump installation  
 
    Ηeat pumps, in general, are a cost-effective solution in covering a building’s heating 
or cooling needs. This derives from the fact that they use very little energy to cover 
these needs, by taking advantage of the refrigeration cycle mentioned in §3.1.5. In heat 
pumps, there is a refrigerant cycle through which the heat transfer medium is heated or 
cooled, which is usually water or air, and in this way the heating or cooling needs of the 
space, are covered. The main benefit of this technology is that it uses as much less 
energy as possible, taking into consideration that the main function is the compression 
and the flow of the refrigerant. Thus, the energy needed as input is electrical for the 
operation of the compressor and the regulator.  
    The heating system is covered by high-temperature air to air heat pumps and radiators 
per space. Each heat pump comprises of an indoor and an outdoor unit. The indoor unit 
(water tank) is placed in the interior of each apartment in place as detailed below. Every 
outdoor unit is placed in the back balconies and open space case by case basis (see 
Appendix, figure 49,52). 
    The cooling system is covered by air to air VRV (variable refrigerant volume) heat 
pumps for the apartments with high cooling load and by air to air Multi-Split heat 
pumps for apartments with a lower cooling load, connected with indoor wall-mounted 
units per space and one outdoor unit per apartment. Every outdoor unit is placed in the 
back balconies and in open space case by case basis (see Appendix, figure 51,52).   
    The high-temperature heat pumps meet the needs of hot water as well, via an 
integrated floor boiler as a part of the indoor unit (water tank). Specifically: 
    In the large apartment on the 1st floor, a heat pump DAIKIN ALTHERMA high-
temperature 14kW is installed with integrated boiler 260lt for heating and hot water. 
Also, a DAIKIN mini VRV IV 5HP, 14kW with six indoor wall-mounted units one in 
every space is installed for cooling. 
    In the large apartment on the 2nd floor, a heat pump DAIKIN ALTHERMA high-
temperature 14kW is installed, with integrated boiler 260lt for heating and hot water. 
Also, a DAIKIN mini VRV IV 4HP, 12,1kW with five indoor wall-mounted units one 
in every space is installed for cooling. 
    In the large apartment on the 3rd floor, a heat pump DAIKIN ALTHERMA high-
temperature 16kW is installed, with integrated boiler 260lt for heating and hot water. 
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Also, a DAIKIN mini VRV IV 5HP, 14kW with five indoor wall-mounted units one in 
every space is installed for cooling. 
    In the small apartments on the 1st, 2nd and 3rd floor, a heat pump DAIKIN 
ALTHERMA high-temperature 11kW is installed, with integrated boiler 200lt for 
heating and hot water. Also, a DAIKIN Multi-Split 6,8kW with four indoor wall-
mounted units one in every space is installed for cooling. 
    In the apartment on the 4th floor, a heat pump DAIKIN ALTHERMA high-
temperature 11kW is installed, with integrated boiler 200lt for heating and hot water. 
Also, a DAIKIN Multi-Split 6,8kW with three indoor wall-mounted units one in every 
space is installed for cooling. 
    In the apartment on the 5th floor, a heat pump DAIKIN ALTHERMA high-
temperature 11kW is installed, with integrated boiler 200lt for heating and hot water. 
Also, a DAIKIN Multi-Split 8kW with three indoor wall-mounted units one in every 
space is installed for cooling. 
    Panel type radiators, with external loop and white color are suggested for all spaces, 
except bathrooms where towel radiators are installed.  
 
Ηeating and hot water system /Daikin Altherma High-temperature (ΗT) 16kW 
Units Code Quantity  
Indoor Unit   
DAIKIN 
ALTHERMA HT 
EKHBRD016ACV1  1 
 
Outdoor Unit   
DAIKIN 
ALTHERMA HT 
ERSQ016AV1  1 
Boiler stainless  
260lt. connected 
with ALTHERMA 
HT 
EKHTS260AC 1 
Table 12 Daikin Altherma High-temperature (ΗT) 16kW units’ description for heating and hot water[20] 
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Ηeating and hot water system /Daikin Altherma High-temperature (ΗT) 14kW 
Units Code Quantity  
Indoor Unit   
DAIKIN 
ALTHERMA HT 
EKHBRD014ACV1  3 
 
Outdoor Unit   
DAIKIN 
ALTHERMA HT 
ERSQ014AV1  3 
Boiler stainless  
200lt. connected 
with ALTHERMA 
HT 
EKHTS200AC 3 
Table 13 Daikin Altherma High-temperature (ΗT) 46kW units’ description for heating and hot water[19] 
 
 
Ηeating and hot water system /Daikin Altherma High-temperature (ΗT) 11kW 
Units Code Quantity  
Indoor Unit   
DAIKIN 
ALTHERMA HT 
EKHBRD011ACV1  4 
 
Outdoor Unit   
DAIKIN 
ALTHERMA HT 
ERSQ011AV1  4 
Boiler stainless  
200lt. connected 
with ALTHERMA 
HT 
EKHTS200AC 4 
Table 14 Daikin Altherma High-temperature (ΗT) 11kW units’ description for heating and hot water[19] 
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Units Technical specifications 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 16 Heat pump DAIKIN ALTHERMA outdoor unit’s technical specifications[19] 
 
Indoor units 
DAIKIN 
ALTHERMA   
                                           
EKHBRD016ACV1 
EKHBRD016ACV1 
EKHBRD016ACV1 
Leaving Water 
Temperature 
 25,0 oC ~ 80,0 oC 
Heating Operation 
Range (outdoor 
environment) 
 -20,0 oC ~ 20,0 oC  
Hot water Operation 
Range 
 -20,0 oC ~ 35,0 oC 
Refrigerant Charge R-134a 
Power Supply     1~/50Hz/230V  
Dimensions (Height 
x Width x Depth) 
705 x 600 x 695 
[mm] 
                Table 15 Heat pump DAIKIN ALTHERMA indoor           
unit’s  technical specifications[19] 
Outdoor unit 
DAIKIN 
ALTHERMA    
ERSQ016AV1 ERSQ014AV1 ERSQ011AV1 
Heating Nominal 
Capacity  
16,00kW 14,00kW 11,00kW 
Heating Nominal 
Input a/b 
5,57kW / 6,65kW  4,66kW / 5,65kW  3,57kW / 4,40kW  
Heating COP a/b 2,88 / 2,41 3,00 / 2,48 3,08 / 2,50 
Refrigerant 
Charge 
R-410Α R-410Α R-410Α 
Power Supply 
  
1~/50Hz/230V 1~/50Hz/230V 1~/50Hz/230V 
Dimensions 
(Height x Width x 
Depth) 
1.345 x 900 x 320 
[mm] 
1.345 x 900 x 320 
[mm] 
1.345 x 900 x 320 
[mm] 
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Heating/cooling system Daikin Mini VRV IV / Compact 
    The most substantial characteristic of Mini VRV is the considerably high energy 
saving achieved not only with the variable refrigerant technology but also with 
simultaneous decompression temperature variation. Furthermore, the smaller 
dimensions of the outdoor unit enable the installment in exterior spaces with spatial 
restrictions. What is more, although this VRV system is used for cooling, concurrently 
the heating mode can be used in periods of the year where there are not so low 
temperatures, for instance in spring or autumn, avoiding the function of the high-
temperature heat pump. In this way, there are two benefits; one is the cost saving 
achievement and the other is that the occupants have a backup heating system in case of 
the ALTHERMA heat pump’s breakdown.  
 
Heating/cooling system Daikin Mini VRV IV / Compact 
Description Code Quantity  
Outdoor Unit 
Mini VRV Compact 
RXYSCQ4TV1 1 
 
RXYSCQ5TV1 2 
Indoor units wall-
mounted 
FXAQ15A 2  
 
 
 
 
 
 
FXAQ25A 6 
FXAQ32A 6 
FXAQ40A 2 
Joints KHRQ22M20T 13  
Wired controls BRC1E53 16 
 
Table 17 Daikin Mini VRV IV / Compact system units’ description[21] 
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Technical Specifications of Outdoor Units 
 RXYSCQ4TV1 RXYSCQ5TV1 
Cooling Capacity 12,1 kW 14,0 kW 
Max Heating Capacity  14,2 kW 16,0 kW 
SEER  8,1 7,7 
SCOP  4,6 4,7 
Cooling Operation 
Range 
-5,0 oC ~ 46,0 oC -5,0 oC ~ 46,0 oC 
Heating Operation 
Range 
-20,0 oC ~ 15,5 oC -20,0 oC ~ 15,5 oC 
Outdoor unit dimensions 
(H x W x D): 
823 x 940 x 460 mm 823 x 940 x 460 mm 
Refrigerant R-410A R-410A 
Power supply 1~/50Hz/220-240V 1~/50Hz/220-240V 
Table 18 Technical specifications of Daikin Mini VRV IV / Compact system outdoor units[20] 
 
 
Heating/Cooling System Daikin Multi 3MXM68N / FTXM20N-FTXM20N-
FTXM42N 
Heating/Cooling System DAIKIN MULTI 
Description Code Quantity  
Outdoor Unit 
Multi   
3MXM68N 1 
 
Indoor units wall-mounted FTXM20N 2 
 
Indoor unit wall-mounted FTXM42N 1 
Table 19 Heating/Cooling System DAIKIN MULTI 3MXM68N / FTXM20N-FTXM20N-FTXM42N 
units’ description[20] 
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Technical Specifications 
Cooling Capacity 6,8 kW = 23.208 BTU/h  
Max Heating Capacity 8,6 kW = 29.352 BTU/h 
SEER  7,68 ( A++) 
SCOP  4,14 (Α+) 
Cooling Operation 
Range 
-10ο C ~ 46ο C 
Heating Operation 
Range 
-15ο C ~ 18ο C 
Outdoor unit 
dimensions (H x W x D): 
294 x 811 x 272 [mm] 
Refrigerant 734 x 958 x 340 [mm] 
Power supply R-32 
Cooling Capacity 1~/50Hz/220-240V 
                            Table 20 Technical specifications of Heating/Cooling DAIKIN MULTI  
              3MXM68N / FTXM20N-FTXM20N-FTXM42N indoor units[20] 
 
 
 
Heating/Cooling system Daikin Multi 4MXM68N / FTXM20N-FTXM20N-
FTXM20N-FTXM20N 
Heating/Cooling system DAIKIN MULTI 
Description Code Quantity  
Outdoor Unit 
Multi   
4MXM68N 3 
 
Indoor units wall-
mounted 
FTXM20N 12 
 
                     Table 21 Heating/Cooling System DAIKIN MULTI 4MXM68N / FTXM20N-FTXM20                         
FTXM20N-FTXM20N units’ description[20] 
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Technical Specifications 
Cooling Capacity 6,8 kW = 23.208 BTU/h  
Max Heating Capacity 8,6 kW = 29.352 BTU/h 
SEER  8,03 (A++) 
SCOP  4,22 (Α+) 
Cooling Operation Range -10ο C ~ 46ο C 
Heating Operation 
Range 
-15ο C ~ 18ο C 
Outdoor unit dimensions 
(H x W x D): 
294 x 811 x 272 [mm] 
Refrigerant 734 x 958 x 340 [mm] 
Power supply R-32 
Cooling Capacity 1~/50Hz/220-240V 
                            Table 22 Technical specification of Heating/Cooling DAIKIN MULTI 
               4MXM68N / FTXM20N-FTXM20N-FTXM20N-FTXM20N[20] 
 
 
 
Heating/Cooling system Daikin Multi 4MXM80N / FTXM25N-FTXΜ25Ν-
FTXM60N 
Heating/Cooling system DAIKIN MULTI 
Description Code Quantity  
Outdoor Unit 
Multi   
4MXM80N 1 
 
Indoor units wall-
mounted 
FTXΜ25Ν 2 
 
FTXM60N 1 
  Table 23 Heating/Cooling System DAIKIN MULTI 4MXM80N / FTXM25N-FTXΜ25Ν-FTXM60N 
      units’ description[20] 
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Technical Specifications 
Cooling Capacity 8,0 kW = 27.304 BTU/h  
Max Heating Capacity 9,6 kW = 32.765 BTU/h 
SEER  8,00 (A++) 
SCOP  4,18 (Α+) 
Cooling Operation Range -10ο C ~ 46ο C 
Heating Operation Range -15ο C ~ 18ο C 
Outdoor unit dimensions 
(H x W x D): 
FTXΜ25Ν → 294 x 811 x 272 [mm] 
 FTXM60N → 300 x 1.040 x 295 [mm] 
Refrigerant 734 x 958 x 340 [mm] 
Power supply R-32 
Cooling Capacity 1~/50Hz/220-240V 
                            Table 24 Technical specification of Heating/Cooling DAIKIN MULTI 
                                           4MXM80N / FTXM25N-FTXΜ25Ν-FTXM60N[20] 
 
 
 
3.3.2 Windows replacement  
 
    The replacement of the windows is the second intervention implemented contributing 
to the reduction of heat losses due to thermal bridges in the casing and through glazing 
and to the maximization of daylight penetration.[22] The suggested windows are 
custom made because of their unusual dimensions and the peculiar design. They are 
made of an aluminum frame with thermal break combined with low-E double glazing of 
4 mm thickness and cavity 12 mm, filled with argon and two layers of low-emissivity 
coating. The selection of the aluminum frames based on the fact that they provide high 
durability and need lower maintenance than PVC frames. Taking into account that the 
building is listed and the focus is on the conservation of the views, the aluminum frames 
preserve their color instead of PVC frames which address discoloration problems. Also, 
thermal breakers significantly enhance the energy efficiency of the aluminum frames 
reaching lower U-values[[23]  ]. The mean thermal conductivity of glazings is Ug=0,30 
W/m2·K while the mean thermal conductivity of frames is Uf=1,7 W/m2·K. Finally, the 
total thermal conductivity of the new windows is Uw=2,0 W/m2·K instead of  3,5 
W/m2·K before the intervention. The decrease in thermal conductivity is noteworthy 
and contributes to heating energy demand reduction.  
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Figure 33 Double glazing with double low-E coating[24] Figure 34 Aluminum frame with thermal                                 
break and double glazing[25] 
                  
                                                                                                         
3.3.3 Shell Insulation 
 
    The insulation implemented in the building shell acts as a barrier to heat loss and gain 
and enhance the energy efficiency of the building. The heat losses through walls, roofs, 
floors, and windows stand at approximately 25 %, 30%, 7%, and 13% respectively[22]. 
Thus, it is an exigent need to provide airtightness in the building in order to restrict the 
losses. In the building under study, there is a number of restrictions regarding the 
interventions that can be implemented as it is analyzed in § 2.1.1, due to the 
characterization of the building as listed. Consequently, the insulation cannot be 
implemented in the external walls but only in the internal. So, the internal insulation of 
the vertical building elements selected is stone wool boards with a thickness of 7cm and 
λ=0,035 W/m·k. The insulation is covered with double-leaf common plasterboards, 
except for bathrooms, where they are moisture-resistant, with a thickness of 12,5cm and 
thermal conductivity λ=0,21 W/m·k. Hence, the new U-value of the reinforced concrete 
walls is U=0,43 W/m·k and the  U-value of the external brick wall is U=0.40 W/m·k. 
Before the implementation of insulation, the plasterwork decoration of the walls must 
be deposited according to the legislative framework. The plasterworks must be 
transferred to a specialized and safe place with great attention in order to be safe 
without any harm. Then, after the insulation placement, the plasterworks must be placed 
again in the same position.   
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      Figure 35 Stone wool boards for internal insulation[26]                    Figure 36 Plasterboards for insulation 
cover[27]                                  
                                  
 
    The insulation of the roof constitutes one of the energy efficiency measures related to 
the envelope of the building towards nZEB retrofitting. The selection of roof insulation 
depends on the roof type. Specifically, for the building under study the following 
measures are suggested:  
 In the encapsulated roof of the 3rd  floor water and thermal insulation are 
implemented.   
 
 
1. Concrete 2. Thermal insulation with Extruded polystyrene (XPS) 3. Wooden beams, 4. purline,            
5. windbreakers, 6. Breathable waterproofing layer 7. Girths 8. Roof tiles 9. Asphaltic waterproofing 
layer 
Figure 37 Detailed section of the encapsulated roof thermal insulation[28] 
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    As is shown in figure 37, thermal insulation of extruded polystyrene (XPS) is placed 
above the concrete slab achieving higher thermal inertia. Equally noteworthy is water 
insulation in order to avoid water leakages that lead to damp on the walls and ceilings. 
To address this problem two waterproofing layers are placed, one under the tiles and 
one in the wall parapet. In order to protect the exterior walls from the rainwater bounce, 
it is necessary to lift the sealing layer on the vertical building block. With regard to the 
parapets, it is also recommended that the sealing layer should be lifted up to the crown, 
that is to "spin" above the crown. Moreover, rainwater runoff and consequently 
avoiding their accumulation areas is an essential parameter for insulating a roof.  
     
Structural 
element 
d λ R 
External Air 
  
0,04 
Tile roof 
  
0,13 
Insulation 0,07 0,033 2,12 
Cement Mortar 0,01 1,4 0,007 
Reinforced 
concrete 
0,1 2,5 0,04 
Internal air 
  
0,13 
U = 0,40 
Figure 38 U-value calculation of thermal insulation in the encapsulated roof 
 
 The hip and valley roof of the 5th floor is insulated in the same way with thermal 
insulation of extruded polystyrene placed above the concrete slab.  
 
 
Figure 39 Detailed section of the hip and valley roof thermal insulation[29]  
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Structural 
element 
d λ R 
External Air 
  
0,04 
Tile roof 
  
0,13 
Insulation 0,07 0,033 2,12 
Cement Mortar 0,01 1,4 0,007 
Reinforced 
concrete 
0,1 2,5 0,04 
Internal air 
  
0,13 
U = 0,40 
Figure 40 U-value calculation of thermal insulation in the hip and valley roof 
 
 
 The existing flat roof above the staircase is insulated with extruded polystyrene 
as well and covered with cement mortar coating. 
 
  
Structural 
element 
d λ R 
External Air 
  
0,04 
Slabs 0,03 0,25 0,12 
Insulation 0,07 0,033 2,12 
Reinforced 
concrete 
0,1 2,5 0,04 
Internal air 
  
0,13 
U = 0,40 
Figure 41 U-value calculation of thermal insulation in the flat roof 
 
 
3.3.4 Photovoltaic system 
 
    It is common knowledge that a Photovoltaic system is an important part of RES 
technologies with a very high contribution to energy consumption problem mitigation. 
Regarding this case study, although the multi-family building is listed the PV 
installation is covered by the legislation but the following issue arises. The PV system 
has to be connected to a single electricity meter, thus it cannot cover the needs of each 
one of the apartments, but only one apartment can benefit from the system. Even though 
the PV system can be connected to the central electricity meter, its economic impact 
will be very low. As a result, it is decided not to install a PV system as is an 
unenforceable project that cannot practically cater to all the occupants' needs.  
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    The solution for MF-buildings’ occupants to benefit from photovoltaic systems is the 
Energy Communities. As it is defined by the Ministry of  Environment and Energy in 
L.4513/2018[30] the owners or users of apartment blocks can create an Energy 
Community in order to install a photovoltaic system or a wind turbine on a property that 
can be located even in another area and net the electricity generated by the photovoltaic 
system or the wind turbine with the consumption of apartment blocks using virtual net 
metering. In this way, the members of the Energy Community will receive a reduced 
electricity bill, hence each occupant in a MF-building can take this advantage.  
 
3.3.4 Scenario 1 
 
     The first scenario that was examined concludes the installation of the heat pump 
system which is analyzed in § 3.3.1. The results of the simulation are presented further 
down. 
 
Final use 
Reference Building 
(kWh/m2) 
Existing Building 
(kWh/m2) 
Scenario 1 
(kWh/m2) 
Heating 93,5 664,1 180,7 
Cooling 24,9 49,5 18,3 
Hot water 37,5 81 28.4 
TOTAL 155,8 774,6 227,4 
Classification - G D 
Table 25 Primary energy of the apartments after Scenario 1 implementation 
 
 
Energy 
efficiency 
(kWh/m2) 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Annual 
Heating 16.2 12.2 8.3 3 0 0 0 0 0 0.9 7.6 14.2 62.3 
Cooling 0 0 0 0 0 1.5 2.6 2.2 0 0 0 0 6.3 
Hot water 1.1 1 1 0.9 0.8 0.6 0.6 0.6 0.6 0.8 0.9 1 9.8 
Table 26 Monthly energy consumption of the apartments after Scenario 1 implementation 
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Figure 42 Monthly energy consumption graph of the apartments after Scenario 1 implementation 
 
 
3.3.5 Scenario 2 
 
    The second scenario that is proposed is the installation of the heat pump system in 
combination with windows replacement which is analyzed in § 3.3.2. The results of the 
simulation are illustrated in the below tables.   
 
 
Final use 
Reference Building 
(kWh/m2) 
Existing Building 
(kWh/m2) 
Scenario 2 
(kWh/m2) 
Heating 93,5 664,1 142,2 
Cooling 24,9 49,5 16.6 
Hot water 37,5 81 28,4 
TOTAL 155,8 774,6 187.2 
Classification - G C 
Table 27 Primary energy of the apartments after Scenario 2 implementation 
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Energy 
efficiency 
(kWh/m2) 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Annual 
Heating 12.9 9.7 6.6 2.1 0 0 0 0 0 0.6 6 11.3 49.1 
Cooling 0 0 0 0 0 1.4 2.3 2 0 0 0 0 5.7 
Hot water 1.1 1 1 0.9 0.8 0.6 0.6 0.6 0.6 0.8 0.9 1 9.8 
Table 28 Monthly energy consumption of the apartments after Scenario 2 implementation 
 
 
 
 
Figure 43 Monthly energy consumption graph of the apartments after Scenario 2 implementation 
 
 
3.3.6 Scenario 3 
 
    The third scenario that is proposed is the combination of all the suggested 
interventions (heat pump, windows replacement, shell insulation). The results of the 
simulation are presented further down.   
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Final use 
Reference Building 
(kWh/m2) 
Existing Building 
(kWh/m2) 
Scenario 3 
(kWh/m2) 
Heating 93,5 664,1 48.4 
Cooling 24,9 49,5 11.8 
Hot water 37,5 81 28,4 
TOTAL 155,8 774,6 88.6 
Classification - G B+ 
Table 29 Primary energy of the apartments after Scenario 3 implementation 
 
 
Energy 
efficiency 
(kWh/m2) 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Annual 
Heating 4.8 3.5 2.1 0.3 0 0 0 0 0 0.1 1.8 4.1 16.7 
Cooling 0 0 0 0 0 1.1 1.5 1.4 0 0 0 0 4 
Hot water 1.1 1 1 0.9 0.8 0.6 0.6 0.6 0.6 0.8 0.9 1 9.8 
Table 30 Monthly energy consumption of the apartments after Scenario 3 implementation 
 
 
 
 
Figure 44 Monthly energy consumption graph of the apartments after Scenario 3 implementation 
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Final use Reference 
Building 
Existing 
Building 
Scenario 
1 
Scenario 
2 
Scenario 
3 
(kWh/m2) (kWh/m2) (kWh/m2) (kWh/m2) (kWh/m2) 
Heating 93.5 664.1 180.7 142.2 48.4 
Cooling 24.9 49.5 18.3 16.6 11.8 
Hot Water 37.5 81 28.4 28.4 28.4 
TOTAL 155.8 774.6 227.4 187.2 88.6 
Classification - H D C B+ 
Table 31 Aggregate table of apartments primary energy consumption 
 
 
 
 
Figure 45 Aggregate graph of apartments primary energy consumption 
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3.3.7 Financial analysis 
 
 
Saving and cost Existing 
building 
Reference 
building  
Scenario 1 Scenario 3 Scenario 3 
Operating cost 
(€) 
9852,4 35900,0 10553,4 8700,1 4109,4 
Initial cost   112230,0 194682,8 227297,6 
Primary energy 
saving (kWh/m2) 
  547,1 587,3 687,0 
Primary energy 
saving (%) 
  70,6 75,8 88,7 
Price of saved 
energy (€/kWh) 
  0,3 0,4 0,4 
CO2 emission 
reduction 
  187,7 201,5 235,5 
Payback period 
(years) 
  4,4 7,2 7,1 
Table 32 Financial analysis of the proposed scenarios 
 
    The savings and costs is analyzed in table 32. The prices presented are indicative as 
the study does not focus on the costs of the scenariors but to the investigation of the 
optimal solution to retrofit the building to a nZEB with lower consumptions and better 
thermal indoor conditions for the occupants. Nevertheless, it is observed that the more 
energy efficient the building, the highest the budget.   
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4. Discussion and Conclusions 
 
 
    Firstly, it is very important to understand the energy behavior of the building in 
the existing situation. The energy class and the primary energy consumption levels 
in the existing situation for heating, cooling and hot water determine the 
interventions that should be taken in order to achieve not only successful energy 
retrofitting but to reach the goal of nZEB.  
    According to the final primary energy consumption, as arises from the simulation 
results, the energy class of the building is H with primary energy consumption at 
774,6 kWh/m2 . The energy performance rate which is equal to the primary energy 
consumption of the existing building tο the primary energy consumption of the 
reference building is 4,97. This actually means that the total primary energy 
consumption of the existing building is almost five times higher than this of the 
reference building which is 155,8 kWh/m2. In figure 29 it is clear that the heating 
consumption in the existing building is seven times higher than this of the reference 
building, while the consumption for cooling and hot water in the existing building is 
approximately 2,5 times higher than this of the reference building. This implies that 
the building has a really inefficient heating system and serious losses. More 
specifically, in figure 30 it can be seen that in winter the heating energy 
consumption is high due to the low temperatures and lack of insulation.  
    In scenario 1 after the heat pumps’ installation, the simulation results presented in 
table 25 indicate the new energy class of the building from H to D satisfying the 
minimum demands of K.EN.A.K. with total energy consumption 227,4 kWh/m2 and 
energy performance rate 1,46. This means that the total primary energy consumption 
of the existing building is less than two times higher than this of the reference 
building which is 155,8 kWh/m2. It is observed that there is an important plunge in 
the primary energy consumption for heating at 180,7 kWh/m2 and a significant 
decrease in cooling and hot water consumption with the new consumptions stand at 
18,3 and 28,4 kWh/m2 respectively lower than those of the reference building. 
Therefore, the upgrade of the HVAC system can reduce meaningfully the energy 
consumption and enhances the energy performance of the building. 
     In scenario 2 after the heat pumps’ installation and the windows replacement, the 
simulation results presented in table 27 indicate the new energy class of the building 
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from G to C satisfying the minimum demands of K.EN.A.K. with total energy 
consumption 187.2kWh/m2 and energy performance rate 1,2. This means that the 
total primary energy consumption of the existing building is just over one time 
higher than this of the reference building which is 155,8 kWh/m2. The primary 
energy consumption for heating is 142,2 kWh/m2 decreased by 38 kWh/m2 than 
scenario 1.  The energy consumption for cooling slightly reduced at 16.6 kWh/m2 
and the consumption for hot water remains the same at 28,4 kWh/m2.  
     In scenario 3 after the heat pumps’ installation, the windows replacement and the 
implementation of insulation the simulation results presented in table 29 indicate the 
new energy class of the building from H to B+ satisfying the minimum demands of 
K.EN.A.K. with total energy consumption 88,6 kWh/m2 and energy performance 
rate 0,57. It is clear that the total primary energy consumption of the existing 
building is almost half a time lower than this of the reference building which is 
155,8 kWh/m2. The primary energy consumption for heating is 48,4 kWh/m2 
decreased by 93,8 kWh/m2 than scenario 2. The energy consumption for cooling 
substantially declined at 11,8 kWh/m2 and the consumption for hot water remains 
steady at 28,4 kWh/m2.  
    Observing table 31 it is observed that the total primary energy consumption of the 
existing building finally in scenario 3 plummets from 774,6 kWh/m2 to 88,6 kWh/m2. 
The simulation results demonstrate that as the building shell thermal insulation is 
enhanced, a higher energy amount is saved. The sharp decreases in both heating and 
cooling energy consumption in scenario 3 are rational since the building shell as 
mentioned in §3.3.3 has the highest percentage of losses. So, the insulated walls and 
roof slabs decrease substantially the total consumption of the building classifying it 
finally in class B+. Hence, the target of the study to retrofit the building towards 
nZEB can be accomplished according to the legislation framework presented in 
§2.2.2 as the energy class of the building can be B+ and the total primary energy 
consumption can be 88,6 kWh/m2 lower than the upper limit of primary energy 
consumption for a buildings to be characterized as nZEBs. Another fact should be 
mentioned is the non-use of the photovoltaic system. The existence of a photovoltaic 
system (in case of a MF-building the creation of an energy community), could 
decline importantly the primary energy consumption of the building and it is very 
possible the energy class to jump to the A classes. Furthermore, it can be seen that 
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the achievement of the nZEB goal has a higher cost. So, it is clear that the higher the 
energy efficiency of the building, the higher the cost.  
   Generally, it is proved that a listed building can be retrofitted towards nZEB and 
can reach a high energy class consuming a lower total primary energy and having 
better thermal comfort conditions. Ιn the altar of this energy challenge the costs are 
high but can be depreciated in a short time compared with the benefits that can 
provide.  
    All in all, it is appropriate to mention the importance of building maintenance. 
The protection of cultural heritage is a major constitutional and moral obligation, as 
it expresses aesthetic values of the past, traditions, historical memories and it is an 
invaluable legacy of the future. Also, due to the contribution of the building sector 
in environmental pollution and climate change with the increase of energy-
inefficient buildings, their energy upgrade is considered vital not only for 
environmental purposes but also for better interior thermal comfort conditions and 
occupants' health.  
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Appendix 
 
 
Architectural plans 
 
 
 
 
Figure 46 Layout of the 2nd  floor 
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Figure 47 Layout of the 3rd  floor 
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Figure 48Layout of the 5th  floor 
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Heat pump system 
 
Heating/cooling units per apartment 
Apartment 
Heating 
(H/P DAIKIN ALTHERMA HT) 
Cooling 
(H/P DAIKIN) 
Indoor 
Outdoor          
(water 
tank/boiler) 
Mini VRV IV  
MULTI 
SPLIT  
Large 
apartment 1st 
floor 
ERSQ014AAV1 
EKHBRD014A/ 
EKHTS260AC 
RXYSCQ5TV1  
Large 
apartment 2nd  
floor 
ERSQ014AAV1 
EKHBRD014A/ 
EKHTS260AC 
RXYSCQ4TV1  
Large 
apartment 3rd  
floor 
ERSQ016AAV1 
EKHBRD016A/ 
EKHTS260AC 
RXYSCQ5TV1  
Small 
apartment 1st 
floor 
ERSQ011AAV1 
EKHBRD011A/ 
EKHTS200AC 
 4ΜΧΜ68Ν 
Small 
apartment 2nd  
floor 
ERSQ011AAV1 
EKHBRD011A/ 
EKHTS200AC 
 4ΜΧΜ68Ν 
Small 
apartment 3rd  
floor 
ERSQ011AAV1 
EKHBRD011A/ 
EKHTS200AC 
 4ΜΧΜ68Ν 
4th floor ERSQ011AAV1 
EKHBRD011A/ 
EKHTS200AC 
 3ΜΧΜ68Ν 
5th floor ERSQ014AAV1 
EKHBRD014A/ 
EKHTS200AC 
 4ΜΧΜ80Ν 
Figure 49 Description of heating/cooling units per apartment 
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Radiators description 
Apartment Space 
Losses 
(kW) 
Indicative 
radiator type 
Quantity 
Large 
apartment 
1st floor 
BEDROOM 1 1,37 11/900/700 1 
KITCHEN 1,11 11/900/700 1 
LIVING/DINING 
ROOM 
1,63 33/900/400 1 
MASTER 
BEDROOM 
3,10 11/900/1600 1 
STUDY ROOM 2,05 33/900/500 1 
BEDROOM 2 1,91 11/900/800 1 
HALL 0,50 11/600/400 1 
BATHROOM 0,52                    1 
Small 
apartment 
1st floor 
BEDROOM 1 1,81 22/900/600 1 
LIVING ROOM 1,81 22/900/600 1 
BEDROOM 2 1,81 22/900/600 1 
KITCHEN 3,13 33/900/400 1 
HALL 0,50 11/600/400 1 
BATHROOM 0,52                     1 
Large 
apartment 
2nd  floor 
KITCHEN 1,60 11/900/900 1 
LIVING/DINING 
ROOM 
1,32 11/900/800 1 
MASTER 
BEDROOM 
2,72 22/900/900 1 
STUDY ROOM 1,78 22/900/600 1 
BEDROOM 2 1,08 11/900/600 1 
HALL 0,50 11/600/400 1 
BATHROOM 0,52  1 
Small 
apartment 
2nd  floor 
BEDROOM 1 1,35 11/900/700 1 
LIVING ROOM 1,35 11/900/700 1 
BEDROOM 2 1,35 11/900/700 1 
KITCHEN 1,65 33/900/400 1 
HALL 0,50 11/600/400 1 
BATHROOM 0,52                     1 
Large 
apartment 
3rd  floor 
KITCHEN 2,67 22/900/900 1 
LIVING/DINING 
ROOM 
3,09 22/900/1000 1 
MASTER 
BEDROOM 
4,48 22/900/1600 1 
BEDROOM 1 3,25 33/900/800 1 
BEDROOM 2 2,47 33/900/600 1 
HALL 0,50 11/600/400 1 
BATHROOM 0,52                     1 
Small BEDROOM 1 1,35 11/900/700 1 
LIVING ROOM 1,35 11/900/700 1 
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apartment 
3rd  floor 
BEDROOM 2 1,35 11/900/700 1 
KITCHEN 1,65 33/900/400 1 
HALL 0,50 11/600/400 1 
BATHROOM 0,52                     1 
4th floor 
LIVING ROOM-
KITCHEN 
4,59 11/900/900 1 
BEDROOM 1 1,27 11/900/700 1 
BEDROOM 2 1,60 11/900/700 1 
BATHROOM 0,52  1 
5th floor 
LIVING ROOM-
KITCHEN 
8,16 33/900/1000 2 
BEDROOM 1 2,32 22/900/800 1 
BEDROOM 2 2,42 22/900/800 1 
BATHROOM 0,52   1 
Figure 50 Description of the radiators' specifications 
 
 
Heating/Cooling system Daikin Mini VRV IV / Compact 
Apartment Space 
VRV wall-
mounted unit 
Large apartment 1st 
floor 
BEDROOM 1 FXAQ25A 
KITCHEN FXAQ15A 
LIVING/DINING ROOM FXAQ25A 
MASTER BEDROOM FXAQ32A 
STUDY ROOM FXAQ32A 
BEDROOM 2 FXAQ25A 
Small apartment 1st 
floor 
BEDROOM 1 FTXM20N 
LIVING ROOM FTXM20N 
BEDROOM 2 FTXM20N 
KITCHEN FTXM20N 
Large apartment 2nd  
floor 
KITCHEN FXAQ15A 
LIVING/DINING ROOM FXAQ25A 
MASTER BEDROOM FXAQ32A 
STUDY ROOM FXAQ32A 
BEDROOM 2 FXAQ25A 
Small apartment 2nd 
floor 
BEDROOM 1 FTXM20N 
LIVING ROOM FTXM20N 
BEDROOM 2 FTXM20N 
KITCHEN FTXM20N 
Large apartment 3rd   
floor  
KITCHEN FXAQ25 
LIVING/DINING ROOM FXAQ32 
MASTER BEDROOM FXAQ40 
BEDROOM 1 FXAQ40 
BEDROOM 2 FXAQ32 
Small apartment 3rd  BEDROOM 1 FTXM20N 
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floor LIVING ROOM FTXM20N 
BEDROOM 2 FTXM20N 
KITCHEN FTXM20N 
4th floor 
LIVING ROOM-
KITCHEN 
FTXM42N 
BEDROOM 1 FTXM20N 
BEDROOM 2 FTXM20N 
5th floor 
LIVING ROOM-
KITCHEN 
FTXM25 
BEDROOM 1 FTXM25 
BEDROOM 2 FTXM60 
Figure 51 Description of Heating/Cooling system Daikin Mini VRV IV / Compact 
 
 
Installation position of heating/cooling outdoor units 
Apartment 
Position of the heating 
outdoor units 
(ALTHERMA HT) 
Position of the cooling 
outdoor units 
(VRV/MULTI) 
Large apartment 
1st floor 
BACK BALCONY  BACK BALCONY 
Large apartment 
2nd  floor 
BACK BALCONY OR 
GROUND FLOOR OPEN 
SPACE 
BACK BALCONY OR 
GROUND FLOOR OPEN 
SPACE 
Large apartment 
3rd  floor 
BACK BALCONY OR 
GROUND FLOOR OPEN 
SPACE 
BACK BALCONY OR 
GROUND FLOOR OPEN 
SPACE 
Small apartment 
1st floor 
BACK BALCONY BACK BALCONY 
Small apartment 
2nd  floor 
BACK BALCONY BACK BALCONY 
Small apartment 
3rd  floor 
BACK BALCONY BACK BALCONY 
4th floor 
TERRACE 2ND  OR 
GROUND FLOOR OPEN 
SPACE 
TERRACE 2ND  OR 
GROUND FLOOR OPEN 
SPACE 
5th floor 
TERRACE 2ND  OR 
GROUND FLOOR OPEN 
SPACE 
TERRACE 2ND  OR 
GROUND FLOOR OPEN 
SPACE 
Figure 52 Installation position of heating/cooling outdoor units 
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